1. Introduction. Let G be a bounded multiply connected domain in R n with regular boundary, dG. Let d = {d {j ) be a. secondorder symmetric tensor field on G. Our question is this. Under what conditions on d is there a vector field v such that d is the symmetric part of the gradient of v? That is, given d, when can one find a solution v of the system,
Here the commas stand for partial differentiations. Although (1) is an over-determined system for v = (t;»), the question has been partially answered by the well-known St. Venant compatibility conditions. However, the differentiability requirements in St. Venant's compatibility conditions are unnecessarily strong. Furthermore, the full set of compatibility conditions is still insufficient, if the domain G is multiply connected. It was found in [11] that the above question leads to an orthogonal decomposition of the Hilbert space of square integrable second-order symmetric tensors. The objective here is to present a different proof which also shows how the orthogonal decomposition theorem is related to the existence problems in elasticity and the duality principle in convex analysis.
Although the above decomposition theorem is a recent one, the corresponding theorem for vector fields has been well developed and it plays a significant role in the mathematical treatment of fluid mechanics [6] . We refer to [11] for additional references. In the meantime, under the assumption of "ellipticity", similar decomposition theorems were established in [1] for which our results serve as a non-trivial example.
2. The decomposition theorem. A second-order symmetric tensor field s = (Sij) is said to be solenoidal, if it is divergence free, i.e., if Syj = Sjij = 0 in G. The class of all such tensors which are infinitely
